June 10, 1952 c. CONE 2,600,094 
APPARATUS FOR ANNEALING ANNULAR COILS OF SHEET METAL 
Filed April 13, 1948 

BY 

INVENTOR. 
Corroi/Colle 



Patented June 10, 1952 

2,600,094 

UNITED 

STATE$ PATENT 
2,600,094 
APPARATUS FOR ANNEALING ANNULAI 
COILS OF SHEET METAL 
Carroll Cone, near Toledo, Ohio, assignor to Sur- 
face Combustion Corporation, Toledo, Ohi.o, a 
corporation of Ohio 
Application April 13, 1948, Seris/No. 20,785 
3 Claires. (CI. 263--40) 

OFFICE 

40 

4 

0 

55 

! 
The present invention relates fo a bell type 
furnace and a method of operation for annes/ing 
annular cofls of sheet mets/ in a protective ' 
atmosphere maintained about the charge or stack 
of coils by a bell-'type mets/ cover disposed 
thereover. In a furnace of this type the heat 
for the annealing operation is applied fo the 
externs/ side of the cover. Hence the heat is 
applied to the coils solely by radiation from the 
cover except for such heat as may be transferred 
from the cover to other parts of the coils by 
circulation of the gaseous medium (the protec- 
rive atmosphere) within the cover.. Conversely, 
cooling of the coils is effected by dissipation of 
heat through the walls of said cover. The ob- 
ject of the present invention  is to provide for 
the circulation of ss/d gaseous, medium in such 
a way fo provide for the heating and cooling of 
ss/d gaseous medium in such a way that the 
heat transferred by convection should represent 
a substantial portion of the total heat required 
fo be applied fo coils during the annes/ing op- 
eration. 
For a consideration of what I consider fo_ be 
novel and my inventioi, attention is. directed 
to the following speciflcation and the claims 
pended thereto. 
In the accompanying drawing forming part 
of this speciflcation: 
Fig. 1 is a vertical section of an annes/ing 
furnace embodying the present invention. 
Fig. 2 is an enlarged fragmentary horizontal 
section on line 2--2 of Fig. 1. 
Fig. 3 is a plan view with a portion broken 
away of a channeled spacer element adapted 
to be positioned between the annular cofls fo 
provide gas passages therebetween. 
Fig. 4 is a fragmentary end view of Fig. 3. 
The furnace comprises a stand l0 on which 
a p!urs/ity of annular coils I! of sheet mets/ 
may be supported one above the other with their 
cores in vertical s/inement wherebY the charge 
is in the form of a stack having a central gas 
passage. During the heating and cooling op- 
erations the coils are protected against oxidation 
by a protective atmosphere in a bell-type mets/ 
cover 12 adapted fo be disposed over the charge 
fo form with the furnace base 13 on which the 
coil stand is supported a substantis/ly gas-tigh 
heat-treating chamber. The seating portion of 
the irmer cover 12 preferably comprises a re- 
inforcing hand 13 of angle cross-section, having 
a horizontal portion welded gas tight t0 the 
side-wall and a vertical portion depending there- 
frorn about which loose sand is disposed fo re- 
duce gas leakage from ss/d chamber to a mini- 
muni. 
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The coil stand 10 comprises a top plate 14 
having a central aperture and a lower plate 
15 separated from the top plate by a plurality 
of radially extending spacer ribs I S to provide 
 a plurality of radially extending gas passages 
between said plates. The lower plate rests on 
a refractory pedestal which constitutes part of 
the furnace base. A radial flow fart 17 is 
mounted between the plates 14 and 15 coaxial 
10 with the aperture in the upper plate; hence 
the direction of flow of- protective, atmosphere 
is downwardly towards the fart and thence 
radially therefrom. The fan is driven by an 
electric motor 18 appropriately secured to the 
15 underside of the furnace base. 
'Heat for the armealing operation is provded 
by a portable heating hood 23 disposed over the 
mets/ cover 12. On completion of the heating 
operation, the heating hood is removed but the 
20 protective cover 12 is left in place; hence cool- 
ing of the coils is by dissipation of heat through 
the walls of said cover.. The heat producing 
 means in the hood 20 is of secondary importance 
but will ordinarily consist of heat radiating ele- 
25 ments 21 such as internally flred tubes. 
The furnace thus far described involves 
nothing new and is typical of a conventions/ 
bell-type armealing furnace. 
In the -present invention, the adjacent ends 
30 of the coils are separated from each other by 
an armular metal separator 22; hence any heat- 
ing or cooling of the separator will result in 
similar heating or cooling of the ends of the 
coils in contact therewith. Each separator 
35 comprises a plurs/ity o£ open-ended gas pas- 
sages 23 between the inner and outer riras there- 
of so that gaseous medium is free to flow through 
said passages. In the present invention the in- 
fernal heat transfer area of the coil separators 
is frorn 1.5 to 2.0 rimes the net area of the 
adjacent coil ends, this increased area being 
provided by the combined area of the side walls 
24 of said passages, if being understood that 
the height and number of said walls are .the 
determining factors: 
The fart 17 is sufficiently powerful to produce 
sufficient partial vacuum in the core of the stack 
of coils to cause the gaseous medium about the 
stack to flow throughseparator passages. 23 
with a. velocity between 2000 and 3000 feet per 
minute. A closure plate 25 on top of the Stack 
restricts the flow of gaseous medium through 
and around the sack to the desJred minimum. 
As best shown in Fig. 2, the side ws/1 of the 
protective cover 12 is corrugated fo provide a 
contact area for the gaseous medium inside of 
the cover that is between 1.75 and 2.25 rimes 
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the projected area of said wall thereby permit- 
ring a correspondingly greater amount of heat 
to be exchanged between said wall and said 
atmosphere. The furrows and ridges of said 
corrugations are vertical. The use of a rein- 
forcing band 9 of angle cross-section makes 
the vertically corrugated cover substantially 
rigid by preventini the corrugations from spread-. 
ing accordion-fashlon, and also provides a de- 
pending blade-type seal. 
From the foregoing explanation if will be-ap- 
preciated that there are two distinct,boat trans- 
fer processes involved in heating or cooling the 
coil charge. Radiation heat transfer, on the 
one hand, occurs primarily between the inner 
surface of the protective cover and the outer 
wraps of the coils, in quantity which varies 
rectly with the projected inner surface of the 
cover, and aD a rate which increases rapidly 
with.temperature. The rate of heating byradia 
tion heat transfer is severely limited by the 
rate. of heat transfer .from the outer wraps of 
the coils to the conter thereof Convection heat 
transfer, on the other hand, delivers heat energy 
primarily to or from the coil .ends in contact 
with the work separators used in the preferred 
arrangement. The quantity of.heat transferred 
by convection va.ries with. the developed-rather 
than the projected area of the inside cover.sur- 
ïace, the effective surface or heaç transfer area 
of the coil separators, and the power and 
ciency of the circulating fart. 
Since convection heat transfer depends .upon 
wiping heat off. of the inner.cover:and delivering 
it .to -the coils as by a separator, a proper design 
of the .inner-cover-together. with a correspond- 
ing!y careful ch0ice of a. coil separator and a 
circulating, fart. will be requred to..obtain, max- 
imum beneflts- from each. 
Because of the basic dilïerences-in the. two 
heating, effects, the resulDs secured, in.temper- 
ature, uniformity heating=.anoE cooling..time re- 
quirements, and the shape .of the. timertemper- 
afure, curve, secured during.heating and cooling 
may be drastically modified by changing: Dhe reia- 
tire amounts of heat=transferred-.by, radiation 
and .c0nvect.ion. In g.eneral, the change- to more 
heatin_g:  by convection, ilcreases-- overall heat 
transfer: elïects since radiation-heating is-.not 
necessarily., reduced: by  the expediens used. to 
prom0te: convection heat transfer_« However 
such- exPedients represent additional items: o 
investment and operating:, cost, to the extent 
that:.the determination of"the, most: economical 
distribution of the heat rans£er burden, beDween 
these two processes becomes a..very, important 
sep:An the design of coit heatng equipment; 
hence as already stated, I bave round i desirable 
fo. design.the equipmenD.to satisfy the folloing 
empirical relations: 
1: Theinternal heat transfer area of Coil sepa 
rators, should fo.Dal between. 1.5.. and 2.0-= rimes 
the net area of adjacent coilends. 
2.. ïne velocity of gas circulation though=Dhe 
open passages througb, such coi1 separators 
shouldbe between 2000 and 300{) feet per minet.e, 
3. Tke developed inside surface area of the 
protective cover should be. beween 1.75 and 
ri_mes the proecDed area  of that. surface,. 
I«believe Dhat-with the .combinaion ofheang 
effcta, described,- and-used in accordance: with 
the peferred.ratios de.tïned above, I.obairthe 
mosteconomical opera.tion with-the best-metat- 
lur gica-1 -results. 
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What I claim is: 
1. Apparatus for annealing a stack of coils of 
sheet modal in a protective atmosphere com- 
prising, in combination, a base for supporting 
5 said-stacl of coils, separators-for spacing the 
coils in said stack,, said separators being, provided 
with passages for flow of said protective atmos- 
phere between, the interior and the exterior of 
said stack, a gas-tight cover for said stack having 
0 a. singte - vertically corrugated cylindrical side 
wall closely surrounding said stack, means com- 
prising a power-driven fart for circulating said 
protective atmosphere aD high velocity along the 
channels formed  by said corrugations and 
15 through the. inerior of said stack, said atmos- 
phere also flowing through the passages in said 
separators, and means for applying heat directly 
to the exterior of the corrugations forming the 
channels along which said atmosphere is cir- 
20 culated» said corrugated cylindrical side wall 
pçoviding, transfer of heat to. said cos by con- 
duction, aD- a substantially: greate rate than a: 
smooth cytindricat side wall, and providing.trans- 
fer ofheaD to .said :coils by -radiation aD, subsDan- 
5 tially as great a rate as a» smooth-cyli.ndrical 
side .wall. 
2. Apparatus according to. clahn:l, comprising 
a supporting, ring: having, a horizontal flange 
secured to :the foot:of the corrugated .cylindrical 
0 side wal[ of, the: cover, and,having, a depending, 
cylindricaL portion- serving» as a: blade .for en- 
gagement withthe, base to confine the protective 
atmosphere within the cover. 
S. Ira  protective,:atmosphere annealhg: fur- 
35 nace comprising..heating means,a base, support- 
ing.a:stack of coils .of sheet metaL separators 
beDween said.coils that providepassages, between 
the interior and. the exterior-oï said stack, and 
a .high,capacity: pover-driven,fan-for: circulating 
4O the protective, atmospherethrough: the interior 
of said stack and through the passages in said 
separators,, the combinaDion therewith of a gas- 
tight, cover, interposed between said heating 
meana:and:said stack of coils,, having a single 
45 vertically corrugated cylindrical side .wall closely 
surrounding, said. stack, whereby, said. protective 
atmosphere flows at high: veloity., along: the 
channela formed, by. said corrugations, said cor- 
rugated :cylindrical side walt ]pro.viding- transfer 
50 of.the-furnace heatto said:coils by conduction 
at a substantially greater rate. than a, smooth 
cylindrical .side wall,. and:providiug, transfer of 
the-furnace* heat fo said : coilS, by.. radiation at 
substantially as great a-.rate.s :a smooth cylin- 
55 drical side wall» 
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